The popularity of the sharing economy, including organizations such as Airbnb and Uber, has increased rapidly over the last few years. Regarding Airbnb, several studies have demonstrated potential problems related to it, such as rising housing costs and worsening residential environments. Despite its popularity and possibility of problems, however, the locational characteristics of Airbnb have not been thoroughly examined in the urban planning and public policy fields. Therefore, this study analyzed the locational characteristics of Airbnb in Seoul and identified potential problems in urban planning. First, we analyzed an operation status of Airbnb in terms of the commercial host. After that, we identified spatial distributions of Airbnb and examined influential factors that affected the locational characteristics of Airbnb using a negative binomial regression model. The results of this study are as follows. First, a considerable number of units were operated by commercial hosts, in contrast to the original concept of Airbnb as being part of the sharing economy. This finding indicates that there would be a potential conflict between Airbnb businesses and housing policy in urban areas. Second, Airbnb units were mainly located in residential areas, especially around multiplexes and townhouses. This finding indicates that Airbnb may decrease the availability of housing in the housing market. Third, Airbnb units were located preferentially in areas adjacent to universities or subway stations, as well as in areas with high ratios of single-person households. Considering these characteristics of Airbnb and the directions of government housing policy, urban scholars and policymakers should pay close attention to the potential conflict between the spatial distributions of Airbnb units and housing policies.
Introduction
The sharing economy is a co-consumption economy in which many people share products. Since the 2008 global financial crisis, this type of economy has emerged as an alternative that can help prevent contradictions and waste in modern capitalist society [1] . Under these circumstances, a variety of businesses have emerged, such as Airbnb and Uber. Airbnb, a leading sharing economy company, has proliferated since its establishment due to the advantages of renting unused space to guests and allowing users to experience local culture through their accommodations. Since launching in South Korea in 2013, the number of Airbnb units has increased by about 800%, from 2000 in 2013 to 18,000 in August 2016 [2] .
Negative effects of Airbnb have recently been mentioned in a few studies, including a lack of infrastructure, rising housing costs, waste, and noise [3, 4] . Some issues are even leading to empirical research [5] [6] [7] [8] [9] [10] . A few studies argued that the rapid growth of Airbnb encourages the possibility of excessive tourism or gentrification in specific areas [11] [12] [13] . The first sign of excessive tourism is a conflict between tourism stakeholders and residents because of excessive demand for limited only one Airbnb unit may not reside in that house, but the limitations of the data do not distinguish where the host resides. However, a host who operates two or more units will certainly not be able to reside in at least one of the units. Thus, as in the research of Horn and Merante [6] , a host that operates more than two Airbnb units was defined as a commercial host. Commercial hosts are subject to regulation because, if a host is not operating an Airbnb, the asset may be used as a house for lease and may not lead to a decrease in housing availability [6, 7] .
Locational Characteristics of Airbnb
One of the most frequently asked questions for municipalities, hoteliers, and travelers is the locations of Airbnb units [16, 18] . Thus, several studies have focused on the locational characteristics and distribution of Airbnb units. Gutiérrez et al. [11] compared the distribution and location characteristics of Airbnb units with those of hotels in Barcelona. Their study showed that Airbnb units are concentrated in the center of the city and are associated with the number of nearby leisure and restaurant facilities. The study also found that Airbnb units are located mainly in residential areas and that Airbnb may place tourism pressure on residential areas.
Quattrone et al. [16] analyzed the distribution of Airbnb units during 2012-2015 in London. They hypothesized that there would be a particular group that made a profit from Airbnb because Airbnb is a new accommodation peer to peer (P2P) platform. This study differs from our study by using demographic and socioeconomic variables to identify groups that make a profit through Airbnb. The analysis shows that the homeownership ratio variable has a negative relationship with the number of Airbnb units. This finding means that hosts lease, rather than own, houses to make a profit through Airbnb. In addition, the distance variable from the city center was shown to have a weak negative effect over time. This finding indicates that Airbnbs were initially located in the center of the city but have spread over time to surrounding areas. In a similar study, Zhang and Chen [18] analyzed Airbnb locations focusing on demographic characteristics.
Huh and Noh [4] analyzed the spatial distribution of Airbnb units in Seoul. This study compared the distribution of hotels and Airbnb units through nearest neighbor hierarchical clustering, an index of spatial dissimilarity that makes it possible to compare the spatial distribution. According to the results, Airbnb units in Seoul are concentrated in the downtown, Hongdae, and Gangnam areas, which are typical tourist spots. Compared to the location of hotels, Airbnb units appear to be more widespread. This result is because hotels in Seoul can only be located in commercial areas, but Airbnb units can be located in all land use areas. This study also mentioned possible conflicts between residents and Airbnb users, as 70 percent of Airbnb units in Seoul are located in residential areas.
Thus, several studies analyzed the locational characteristics of Airbnb. Some of them focused on demographic variables to identify the groups that benefited from Airbnb [16, 18] . Some studies only analyzed the distribution status of Airbnb, not the locational characteristics [4] . Also, their [16, 18] approach is not suitable in our study area. A considerable number of hosts in Seoul are commercial hosts (see Table 3 ), which indicates that a socioeconomic characteristic of the area is not representative of a host's features. Therefore, this study is noteworthy in that it analyzed the location characteristics of Airbnb focusing on the built environment characteristics such as housing, land use, and transportation infrastructure.
Airbnb and hotels have common characteristics as a lodging business. However, there is little research on the locational characteristics of Airbnb compared to hotels. Research on the locational characteristics of hotels was conducted mainly using aspects of the performance of the room as dependent variables such as occupancy rate, average daily rate, and revenue per available room. Locational factors that impact hotel performance are primarily divided into the distance to destinations (e.g., airports, CBD, tourist attractions), the distance to public transportation (e.g., subways, bus stations), population and economic indicators (e.g., population density, median income, GDP), and other issues (e.g., safety, agglomeration) [19] [20] [21] .
However, hotels and Airbnb units are likely to have some differences in locational characteristics due to their different users. Since Airbnb focuses on longer-term leisure travelers instead of the short-stay business travelers integral to many hotels [21] , Airbnb users are more tourist-oriented than those of hotels. The locational differences between hotels and Airbnb units are as follows. Song et al. [22] mentioned that, due to the characteristics of hotel users (business-oriented), alternative forms of transportation such as shuttle buses or cars are more likely to be used than public transportation. However, in the case of Airbnb, public transportation is relatively important because users mainly consisted of foreign travelers, who may not have a transportation alternative. In fact, according to a survey of foreigner tourists conducted in Seoul, about 90 percent of them use public transportation as their main mode of transportation [23] . This means that aspects of public transportation infrastructure, such as mobility and accessibility, are very important for the location of Airbnb units. Nevertheless, previous studies on the locations of hotels, and even Airbnb, have quantified public transportation infrastructure only roughly, that is, using a linear distance to tourist attractions, airport, or the city center. Linear distance is different from travel distance, and it is unable to reflect public transportation mobility. There is a possibility that, if local public transportation is good, it can take a short time to reach tourist attractions even though the distance is relatively far.
Methodology

Study Area and the Unit of Analysis
This study focused on Seoul, the capital city of South Korea (Figure 1 ). The area of Seoul is 605 square kilometers, the population is 9.7 million, and it is a densely populated city. As of 2016, the number of overnight international visitors to Seoul ranked seventh highest in the world, at 12.39 million [24] . Considering that 78.8 percent of foreign tourists who visited South Korea visited Seoul [25] and that the number of Airbnb units in South Korea has increased by 800 percent over the past three years [2] , it is estimated that the number of Airbnb units in Seoul has also increased sharply. Under these circumstances, Seoul also has reported various problems such as noise, litter, and security concerns due to Airbnb [2, 4] . Also, the time scope of the study is 17 July 2017, which is the latest available data. The unit of analysis used in this study is the census block group ('Dae-guyeog' in Korean), which is a statistical area separated by clear landmarks such as roads, waterways, and ridges [26] (Figure 1 ). There are 1420 census block groups in Seoul, and the average area is 0.42 square kilometers. However, four census block groups are composed entirely of green areas. Therefore, 1416 census block groups were utilized. Table 1 shows the variables and their descriptions. The dependent variable is the total number of Airbnb units in each unit of analysis in Seoul. This study used Airbnb geo-located data for 12 temporal points from May 29, 2016 , to July 17, 2017 . The original data is from the Tom-slee website (tomslee.net). He scraped the Airbnb website and uploaded data on Airbnb locations in several cities. This data contains Airbnb units ID, host ID, number of reviews, and location information (longitude and latitude). This study considered independent variables that are expected to be related to the location of Airbnb and classified them as housing, land use, population characteristics, public transportation, lodging, and amenities. The fundamental attribute of each Airbnb unit is transferred from the original housing, so they may be related to the housing properties of the area where the Airbnb unit is located. Therefore, housing variables were subdivided into housing size and type, a number of housing units, and housing prices. For housing price variables, the squared variable was added because it was Sustainability 2019, 11, 4108 6 of 16 expected that there would be an appropriate housing price in the area where Airbnb units are located. This is because some hosts can rent out and operate Airbnb without owning a house [16] .
Variable Selection
For land use, urbanized area and land use mix variables were used. There may be a difference in the number of Airbnb units because the urbanized area varies with the analysis unit. In other words, in the case of census block groups with large urbanized areas, there may be more Airbnb units than in other census block groups, even within the same location characteristics. This problem was controlled by adding the urbanized area as an exposure variable. Land use mix, quantified using the residential and non-residential index (RNR), was used because a reasonable mix of land use, such as commercial facility or a leisure facility might act as an amenity.
In recent years, the government's housing policy has been focused on the single-person household, because of its proliferation. Therefore, we add the ratio of single person household variable to examine the relationship between them. Although this research focused on the built environment, this study included socioeconomic variables such as housing price and single-person household. These variables are important factors to explain a potential conflict between Airbnb units and housing in residential areas.
The public transport infrastructure variables consisted of mobility and accessibility. Given that the main users of Airbnb are foreign tourists, public transportation is one of the most important factors for Airbnb users. As mentioned above, it is necessary to establish more detailed public transport infrastructure variables. Google Direction API has the advantage that it can determine the public transportation travel time between origin and destination considering traffic conditions, vehicle interval, and travel distance [27, 28] . To produce more accurate mobility, travel time calculation using Google Direction API should be performed at the same time as the analysis data (17 July 2017). However, this study calculated mobility measures as of 29 June 2018, at 12 p.m. because the Google Direction API service does not calculate past transportation mobility.
Considering that the primary users of Airbnb are foreign tourists, mobility to Incheon International Airport, a representative airport near Seoul, was calculated first. Second, to calculate the mobility to tourist spots, this study referred to the International Tourists Survey conducted by the Korean Tourism Organization in 2017 [25] . We extracted ten major tourist attractions (Table 2) visited by foreigners and calculated the travel time to each spot. Then, we calculated the travel time to tourist spots by weighting the ratio of the visit percentage to each tourist spot. For accessibility, the distance from the center point of the census block group to the nearest transportation stop was calculated. For Airbnb users, who use mainly public transportation, the distance to a public transport stop is expected to be considered, which may affect the location of Airbnb units. Public transportation stops were classified as bus and subway stations. For the distance to a subway station, the squared variable was added because there would be a distance threshold from the subway station. In other words, we expected that the relationship between Airbnb units and distance to a subway station is not linear. If the distance is too far from a subway station, the benefits of accessibility to the subway system may disappear.
The other lodging variable, such as hotels and motels, is a reflection of tourist spots, and it can be compared with the locations of Airbnb units. For amenities variables, this study considered the number of convenience stores, distance to the nearest police station, and distance to the nearest university. As a representative retail business, 9777 convenience stores were located in Seoul. The proximity to a retail store could be considered when deciding the location of accommodations for tourists. This study used distance to a police station as a proxy for safety. Around a university, there are many possible amenities relevant to Airbnb users, such as bars, restaurants, leisure facilities, and entertainment facilities. Also, there are many single-person housing units used by university students. Therefore, this study uses the variable to identify the relationship between Airbnb and the location of housing for young people.
Methods
This study aims to examine the potential problems and location characteristics of Airbnb. To achieve the goal, the analysis was conducted in two stages. First, the operation status of Airbnb was analyzed to assess the possibility of problems of Airbnb. As legislation and research on Airbnb indicate that commercial hosts were the cause of Airbnb's problems, the study analyzed the operational status of Airbnb with a focus on commercial hosts. In addition, through the analysis of Airbnb distribution, the spatial distribution of problems that could be caused by Airbnb was determined and used as basic data for location characteristics. Afterward, the change between two points of time was determined using the data from 29 May 2016, and 17 July 2017, which are the earliest and latest dates from the Airbnb dataset, to identify the degree of change and spread of potential problems. Second, this study constructed variables that were expected to affect the location of Airbnb units, and statistically significant variables were determined through negative binomial regression analysis.
The dependent variable of this study is count data, which is the number of Airbnb units in each unit of analysis. If the dependent variable is count data, Poisson regression or negative binomial regression are generally used [29] . Poisson regression has the constraint that variance is equal to the mean, and it can be determined from the variance to mean ratio (VMR). The VMR was 88.37, indicating that a negative binomial regression is appropriate.
Besides, the number of zero values in this study is 425 (30%), which shows a zero-inflated distribution. If the percentage of zero values is greater than 30%, it might be appropriate to use a zero-inflated model [30] . However, as the author mentioned, this is not an objective figure, so the analysis method can be determined effectively by comparing the model fit. Therefore, in this study, because the samples with a zero value comprise 30% of the whole sample, we conducted a Vuong test to verify the suitability of negative binomial regression and zero-inflated negative binomial regression. As a result of the Vuong test, the p-value was 0.320, which means that the negative binomial regression is more suitable than the zero-inflated negative binomial regression. Figure 1 shows that Airbnb units are concentrated in specific areas. This finding indicates that Airbnb units are predicted to be spatially correlated with other units observed nearby. Therefore, we calculated Moran's I value. A Moran's I value of 0.516 (p = 0.000) indicated that the degree of spatial auto-correlation was significant. This result means there is a need to control the spatial auto-correlation. Some methods have been used to mitigate spatial autocorrelation in previous studies when using negative binomial regression. A method to reduce spatial autocorrelation is adding an auto-covariate as an independent variable in the model [31] [32] [33] [34] , and it can be applicable to both binomial and Poisson distributions [32] . The auto-covariate is a method that controls spatial autocorrelation by measuring the effect of a dependent variable at one point on a dependent variable at another point, as shown in Equation (1) [34] . Therefore, this study used negative binomial regression with the auto-covariate as the final statistical model.
w ij y j (1)
where A i is the authocovariate y j is the dependent variable (site j) k i is the i's neighbors w ij is the weight given to the influence of site j over site i To compare the potential problems caused by Airbnb in Seoul, this study selected Sydney, Boston, New York, Porto, Lisbon, and San Francisco as comparable cities. These cities were selected because existing studies on these cities indicated emerging urban problems caused by Airbnb [5] [6] [7] 9, 10] . As shown in Table 3 , the city of Seoul showed higher values than other cities in terms of the average number of units per host, the percentage of commercial hosts, and the percentage of Airbnb units owned by commercial hosts.
Results
Status of Airbnb
To summarize, a larger number of Airbnb units in Seoul were operating for commercial purposes than in overseas cities. Although only one year of data was considered, this pattern can be seen as an increasing trend. This finding means that there is a possibility that problems associated with Airbnb could also arise in Seoul. In addition, given the extent of commercial operation status, the problems are likely to be more serious than for other cities. Figure 2 shows that the number of Airbnb units in a census block group and major tourist attractions in Seoul. We can identify that a large amount of Airbnb units were distributed around the major tourist attractions. The characteristics of these spots are as follows. Hongdae has excellent public transportation mobility to Incheon International Airport because of the airport railroad. In addition, Hongdae has a variety of amenities, such as fashion retail and entertainment venues. Myeong-dong and Seoul station are located near the center of the downtown area and have various amenities. In particular, Seoul station has good accessibility to airport because a link for the airport railway is located there. Bukchon and Insa-dong are crowded with traditional Korean houses, which indicates that tourists can have the experience of "living like a local," which is one of the reasons for the success of Airbnb [11] . Itaewon and Gangnam also are popular tourist spots in Seoul. These tourist spots have common features of good transportation infrastructure or various amenities such as shops or entertainment.
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Descriptive Analysis
Before the descriptive analysis, this study calculated the variance inflation factor (VIF) and then detected multicollinearity in the housing size and type variables (VIF > 10). Therefore, we eliminated the ratio of medium-size housing and apartment variables, which were not the focus variables in our study. To identify the degree of spatial diffusion of Airbnb in one year, this study compared the location data for May 2016 and July 2017 (Figure 3 ). Airbnb units increased in 645 (45.55%) of the total analysis units, while they decreased in 225 of the analysis units (15.89%). If we look at the areas where a change in the number of units occurred, it is clear that the growth of Airbnb units was concentrated in Myeong-dong, Hongdae, and around Gangnam Station, which are major tourist spots. Additionally, the analysis units with increased numbers of Airbnb units are spread throughout Seoul. Quattrone et al. [16] reported that Airbnb units are initially focused in tourist spots and the center of a city, but as time passes, Airbnb units spread to the peripheral residential areas.
Before the descriptive analysis, this study calculated the variance inflation factor (VIF) and then detected multicollinearity in the housing size and type variables (VIF > 10). Therefore, we eliminated the ratio of medium-size housing and apartment variables, which were not the focus variables in our study. Table 4 is the result of the descriptive analysis. The average number of Airbnb units in a census block group is 8.76, with a minimum of 0 and maximum of 548. On average, the ratio of single-person households stands at 31%. Due to the surging numbers of single-person households, various issues such as housing shortages have become an issue [35] . The median housing price is 5.34 thousand dollars per square meter, with a significant range between minimum and maximum prices of 2.33 and 19.75 thousand dollars per square meter. In terms of public transportation accessibility, the distances to subway entrances and bus stops are 512 m and 161 m, respectively, which means that public transportation accessibility is quite good in Seoul. Table 5 shows the results of the negative binomial regression model. The housing size variables are not significant, but the housing type has a relationship with Airbnb units. The townhouse and single family house were found to have a negative and positive relationship, respectively. This is because the areas near Hongdae and Myeong-dong, where most Airbnb units are located, are mainly composed of townhouses, which reflects housing characteristics of these local areas. Single-family housing is usually located further from the city center and tourist sites than other types of housing. Also, due to the zoning system, amenities such as shops, stores, and entertainment, which are Airbnb's amenities, are difficult to establish near single-family housing areas. Since Airbnb units have the locational characteristics of operating near the city center, tourist spots, and other various convenient facilities such as shops or stores, the ratio of single-family housing is inversely correlated with the number of Airbnb units. However, the total number of housing units shows that Airbnb units are primarily located in residential areas. This finding explains the fundamental characteristic of Airbnb that is located in residential area. This characteristic is one of the reasons that Airbnb is causing problems by infiltrating residential areas that have the insufficient infrastructure for tourists, as mentioned above. Similarly, research on the distribution of Airbnb in Seoul showed that 70% of Airbnb units are located in residential areas [4] . The number of Airbnb units has increased with higher housing prices because various amenities are reflected in the value of regional housing prices. In other words, a higher housing price is the result of comfort, convenience, safety, and amenity, which could not be quantified in this study. However, the squared variable shows that Airbnb units have decreased from a peak price of 10,145 dollars per 1 square meter. This finding indicates that if the housing price exceeds a certain threshold, the rent for housing used by Airbnb is higher than the benefits of the amenities. Thus, the cost is greater than the benefit. However, considering the fact that the housing price can be raised by Airbnb, the relationship between housing price and Airbnb units may be not causality, but association.
Locational Characteristics of Airbnb
In terms of land use, the urbanized area in the unit of analysis, which is an exposure variable, has a strong relationship with the number of Airbnb units. Also, the land use mix variable is statistically significant. Although Airbnb units are typically located in residential areas, other land uses such as commercial or leisure facilities may act as amenities. The ratio of single-person households, which is a population characteristic, is related to the number of Airbnb units. In addition, considering the conversion from the ordinary housing to Airbnb, a close examination of the impact of Airbnb on the housing market should be done in these areas.
Travel times to the Incheon International Airport and tourist spots calculated using Google Direction API are all significant, which indicates that public transportation mobility is a major factor in the location of Airbnb units. Because most foreign tourists use public transportation, excellent transportation mobility is essential to foreign tourists and the location of Airbnb units.
The accessibility to bus stops variable was not statistically significant, with only 7.7% of foreign tourists, the main users of Airbnb, using the bus as the main mode of transportation [23] . On the other hand, the distance to a subway entrance variable is significant. Further from a subway station, fewer Airbnb units were present, up to a certain distance. This is because 58.1% of foreign tourists use the subway as their main mode of transportation [23] , and proximity to a subway station is a crucial factor for the location of Airbnb units, up to a threshold distance (Figure 4 ). The number of other lodging businesses is related to the number of Airbnb units. Other lodgings such as hotels are located in transportation centers or tourist spots [20] , which may be similar to the location characteristics of Airbnb units. A number of convenience stores and distance to a university showed statistical significance. Access to convenience stores, which are representative retail shops, is important for Airbnb users. Also, proximity to universities is important due to various amenities, including restaurants and entertainment for young students, that can be appealing to Airbnb guests. On the other hand, the area around the university is densely built with university student housing, and the presence of Airbnb units around the university is likely to reduce the housing available for students.
Finally, this study added an auto-covariate as an independent variable to control spatial autocorrelation, and the Moran's I value was calculated as 0.212 (p = 0.000), with the auto-covariate decreasing by 0.135 from the value without the auto-covariate. This result indicates that, although the auto-covariate did not eliminate spatial autocorrelation, it did reduce the impact significantly. However, above the threshold (849 m), the farther the distance is from the subway, the higher the number of Airbnb units is. Specifically, although statistics showed that the relationship between Airbnb units and distance to the subway station was U-curve, scatter plot ( Figure 4) showed this relationship was not a real U-curve. It means that the advantage of accessibility to the subway station disappears beyond the threshold. Some census block groups that are located farther from the subway station but have several Airbnb units (red circles in Figure 4 ) consist of luxurious single-family houses and quiet residential environments (Buam-dong, Pyeongchang-dong). Thus, distance from a subway station may be offset by the benefits of lodging in luxury housing and a quiet environment. However, 96.54% of Airbnb units are within the threshold distance of a subway station. This means that most Airbnb units are affected by the proximity to subway stations.
The number of other lodging businesses is related to the number of Airbnb units. Other lodgings such as hotels are located in transportation centers or tourist spots [20] , which may be similar to the location characteristics of Airbnb units. A number of convenience stores and distance to a university showed statistical significance. Access to convenience stores, which are representative retail shops, is important for Airbnb users. Also, proximity to universities is important due to various amenities, including restaurants and entertainment for young students, that can be appealing to Airbnb guests. On the other hand, the area around the university is densely built with university student housing, and the presence of Airbnb units around the university is likely to reduce the housing available for students.
Finally, this study added an auto-covariate as an independent variable to control spatial autocorrelation, and the Moran's I value was calculated as 0.212 (p = 0.000), with the auto-covariate decreasing by 0.135 from the value without the auto-covariate. This result indicates that, although the auto-covariate did not eliminate spatial autocorrelation, it did reduce the impact significantly.
Discussion and Policy Implications
This study analyzed the locational characteristics of Airbnb units and potential challenges to urban planning and housing policies in Seoul caused by the growth of Airbnb. For this purpose, this study utilized Airbnb location data and examined the determinant factors that affect the locations of Airbnb using negative binomial regression.
The main results and policy implication of this study are as follows. First, descriptive analyses on the operational status of Airbnb in Seoul showed that commercial hosts operated a considerable number of Airbnb units. The percentage of commercially operated Airbnb units in Seoul was greater than those of comparable overseas cities where urban problems associated with Airbnb have been identified. In addition, the spatial analysis of Airbnb indicated that Airbnb is spreading throughout Seoul. Considering several studies pointed out that commercial host is the source of the urban problems such as housing affordability and over-tourism, this study indicated that the substantial growth of Airbnb in Seoul might have similar impacts on surrounding residential areas. Song [17] indicated that the U.S., Germany, France, and the U.K. were enacting regulations on Airbnb through legislation to prevent urban problems. In particular, these governments have regulated the spread of Airbnb by prohibiting the rental of Airbnb units that are occupied by the commercial host. In addition, they limit the number of days of Airbnb rental to a certain period. Therefore, the city of Seoul needs to establish proper regulatory policies to cope with the growth of Airbnb.
Second, negative binomial regression showed that the number of Airbnb units is positively associated with the number of housing units in residential areas. This finding is not surprising, but it is consistent with other previous research [4, 11] . Considering that Airbnb units were initially concentrated in the center and then spread to surrounding areas, Airbnb and tourists may penetrate broader residential areas. This circumstance is more likely to aggravate the living environments of surrounding residential areas.
Third, substantial units of Airbnb were located in the residential areas adjacent to universities that have a high proportion of single-person households. In particular, the Korean government has initiated the affordable housing policy for single-person households in residential areas around universities or near the public transport station [35] . Considering the recent surge in the number of single-person households, the growth of Airbnb may cause a challenge to governmental housing affordability policies for in these residential areas. Affordable housing policies for single-person households should be implemented in these areas before the full-fledged conversion of single-person housing units into Airbnb.
Lastly, this study confirmed that the public transportation mobility, proximity to a subway station, and adjacent to convenience stores are important factors to the locations of Airbnb. These amenities serve as advantages for foreign tourists who are the primary users of Airbnb. Housing prices, which are the sum of these amenities, had a positive association with the number of Airbnb units, up to a certain level. After a certain level of housing prices, the frequency of Airbnb units decreased, showing a non-linear relationship. This finding indicates that the locational characteristic of Airbnb units has a threshold based on the benefits and costs in the housing market.
Airbnb in Seoul has a potential conflict with governmental housing policies, but there are also benefits associated with Airbnb. For example, it can generate additional revenue for its host and allow users to enjoy "living like a local" at low prices [11] . Therefore, a careful approach will be needed when regulatory policies on Airbnb are implemented. Multi-criteria analysis, which can be used to rationalize choices driven by complex and conflicting various objectives [36] , could be useful in this circumstance. Specifically, this method could help in the policy decision-making process for Airbnb, taking into account various criteria related to the effect of Airbnb. Therefore, access from a variety of perspectives is expected in establishing Airbnb regulatory policies or future research.
In addition, considering that Airbnb can cause gentrification and this phenomenon can be concentrated in certain areas [11] [12] [13] , urban areas that need affordable housing policies could be harmed from the concentration of Airbnb units. In addition, the impact of Airbnb may not be only limited to change in housing price but can lead to changes in various forms of neighborhood environment, such as housing vacancy rate, housing type, and infrastructure. Therefore, future studies need to assess the impacts of Airbnb on the housing market and neighborhood environments through various indicators.
Conclusions
The recent proliferation of Airbnb has led a discussion of its impact on the housing market, over-tourism, and neighborhood living environments. Several studies reported that Airbnb causes various urban problems, so proper action should be implemented to cope with these issues. In this context, this study examined the potential problems and locational characteristics of Airbnb in Seoul, Korea. This study confirmed that commercial hosts operated a considerable number of Airbnb units in Seoul. This finding indicated that Airbnb might not serve the original intention of the sharing economy. The penetration of Airbnb operated by commercial hosts into residential areas may cause housing problems in terms of housing affordability as well as neighborhood living environments. This study also identified that physical factors such as housing, land use, and public transportation have significant associations with the spatial distribution of Airbnb in Seoul.
This study provides a better understanding of the spatial distributions of Airbnb and their associated factors. Identification of the factors that affect the spatial locations of Airbnb could provide basic knowledge when the government takes proper action to cope with emerging urban problems by Airbnb. "Where are Airbnb units located?" and "Which factors determine Airbnb locations?" might be the most important questions to solve Airbnb related urban problems.
However, this study has a limitation. Although this study analyzed the operation status of Airbnb and locational characteristics of Airbnb to examine potential problems, it was unable to identify the direct impacts of Airbnb on the housing market and neighborhood environments. Also, as with previous studies [5, [11] [12] [13] , the impact of Airbnb can be geographically uneven in Seoul. Therefore, future research needs to address the direct and indirect impacts of Airbnb on the housing market and on neighborhood living environments.
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